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Abstract 
Background: Ducks (Anas platyrhynchos) an economically important waterfowl for meat, eggs and feathers; is also a 
natural reservoir for influenza A viruses. The emergence of novel viruses is attributed to the status of co-existence of 
multiple types and subtypes of viruses in the reservoir hosts. For effective prediction of future viral epidemic or pan-
demic an in-depth understanding of the virome status in the key reservoir species is highly essential.
Methods: To obtain an unbiased measure of viral diversity in the enteric tract of ducks by viral metagenomic 
approach, we deep sequenced the viral nucleic acid extracted from cloacal swabs collected from the flock of 23 ducks 
which shared the water bodies with wild migratory birds.
Result: In total 7,455,180 reads with average length of 146 bases were generated of which 7,354,300 reads were 
de novo assembled into 24,945 contigs with an average length of 220 bases and the remaining 100,880 reads were 
singletons. The duck virome were identified by sequence similarity comparisons of contigs and singletons (BLASTx 
E score, <10−3) against viral reference database. Numerous duck virome sequences were homologous to the animal 
virus of the Papillomaviridae family; and phages of the Caudovirales, Inoviridae, Tectiviridae, Microviridae families and 
unclassified phages. Further, several duck virome sequences had homologous with the insect viruses of the Poxviridae, 
Alphatetraviridae, Baculoviridae, Densovirinae, Iflaviridae and Dicistroviridae families; and plant viruses of the Secoviridae, 
Virgaviridae, Tombusviridae and Partitiviridae families, which reflects the diet and habitation of ducks.
Conclusion: This study increases our understanding of the viral diversity and expands the knowledge about the 
spectrum of viruses harboured in the enteric tract of ducks.
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Background
The duck (Anas platyrhynchos) is one of the economi-
cally important poultry species as a source of meat, eggs 
and feathers [1]. Ducks harbour most of the hemagglu-
tinin (HA) and neuraminidase (NA) subtypes of avian 
influenza viruses that are currently known [2, 3] and 
serve as the principal natural reservoir host for influ-
enza A viruses [2, 4–6]. Influenza A viruses maintained 
in wild aquatic birds have been associated with stable 
host switch events to novel hosts including mammals and 
domestic gallinaceous poultry leading to the emergence 
of novel influenza A viruses [7, 8].
To control the outbreaks of emerging or re-emerging 
viral diseases and prevent the transmission of viruses 
from the reservoir host, monitoring the virome status in 
the reservoir hosts is essential [9]. Further, understand-
ing the viral diversity in the poultry gut will improve the 
knowledge of enteric disease syndromes and the feed 
conversion efficiency of the poultry species [10]. In recent 
years, next generation sequencing technology based viral 
metagenomics has provided a powerful tool for large-
scale detection of known and unknown viruses existing 
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in the reservoir host [11, 12]. Using this approach, known 
and novel viruses have been characterized from the 
enteric tract of turkey [10], bats [13], pigs [14], rodents 
[15], pigeon [16], ducks [17] and ferrets [18]. To obtain 
an unbiased measure of the viral diversity in the enteric 
tract of ducks, we deep sequenced viral nucleic acid iso-
lated from cloacal swabs of 23 ducks collected from Bhoj 
wetland of Bhopal, the capital of the central Indian state 
of Madhya Pradesh. The present study revealed that the 
duck gut virome contained sequences related to a wide 
range of animal, insect, plant, and bacterial viruses. This 
study increases our understanding of the viral diversity 
present in the enteric tract of ducks. Further, this virome 
dataset provide a baseline faecal virome of the ducks 
and will be used as reference for identification of future 
changes in its virome composition, which may be associ-
ated with disease outbreaks or environmental changes.
Methods
Ethics statement
The experiments were approved by the institutional ani-
mal ethics committee of ICAR—National Institute of 
High Security Animal Diseases (Approval no. 81/IAEC/
HSADL/13) and performed under the guidance of the 
Committee for the Purpose of Control and Supervision 
of Experiments on Animals (CPCSEA), Ministry of Envi-
ronment and Forests, Govt. of India.
Sample collection and processing
The Bhoj wetland consists of two lakes the Bhojtal and 
the lower lake, located in the city of Bhopal, the capital 
of the central Indian state of Madhya Pradesh. The lakes 
are home to a diverse flora and fauna, including many 
water birds. This wetland has been designated as wetland 
of international importance under the international Ram-
sar convention. The ducks and geese in the lake share 
water bodies with wild migratory birds. Cloacal swabs 
were collected from the flock of 23 ducks and the swabs 
were placed in the eppendorf tubes containing 200  µl 
Hank’s Balanced Salt Solution (HBSS). The eppendorf 
tubes were vortexed and centrifuged at 6000g for 10  s. 
The swabs were once again washed with 200  µl HBSS 
at 7400  g for 15  s. The total volume of washings were 
pooled and passed through 0.45 µm filter. The filtrate was 
ultra centrifuged at 37,000 rpm for 4 h at 4 °C. The super-
natant was discarded and the pellet was resuspended in 
50 µl HBSS for overnight softening, then resuspended in 
200 µl HBSS and stored at −80 °C.
Extraction of viral nucleic acids and next generation 
sequencing
The filtrate was treated with a cocktail of nucleases 
(TURBO DNase, Benzonase, RNase I) at 37  °C in dry 
bath for 2  h. Viral nucleic acid was extracted from the 
nuclease treated filtrate using High Pure Viral Nucleic 
acid Kit (Roche) and QIAamp viral RNA mini kit (Qia-
gen). NanoDrop spectrophotometer was used for quan-
tification of viral nucleic acids. The viral nucleic acids 
were reverse transcribed using SuperScript III reverse 
transcriptase (Invitrogen) as per manufacturer’s proto-
col with random hexamer primer. Further, double strand 
cDNA was synthesized using SMARTer Ultra Low input 
RNA kit. The paired-end library was prepared using Illu-
mina TruSeq RNA Library Preparation v2 Kit. Fragmen-
tation of DNA was done using Covaris S2 shearing that 
generated double-stranded DNA fragments comprising 
of 3′ or 5′ overhangs. Further, the fragmented DNA was 
end-repaired followed by A-tail adapter ligation. Selec-
tive enrichment of adapter ligated DNA fragments was 
done through PCR amplification and validation of library 
was done on Bioanalyzer 2100 using HS DNA Chip. 
The DNA library was sequenced for paired end 2 × 150 
sequences on Illumina MiSeq platform.
Bioinformatics
The paired end reads were trimmed of their set primer 
sequences and the sequences were then de novo assem-
bled into contigs using CLC genomics workbench soft-
ware, with criteria of at least 95 % identity over 35-bp to 
merge two fragments and minimum contig length of 100 
bases. The assembled contigs and singleton sequences 
greater than 100  bp were compared to the NCBI Gen-
Bank nonredundant nucleotide and reference viral pro-
tein databases (http://www.ncbi.nlm.nih.gov/refseq/) 
using BLASTn and BLASTx, respectively. On the basis 
of the best BLASTx result, sequences were classified into 
their likely taxonomic groups of origin based on the best-
hit (lowest E score) sequence match. An E value of <10−3 
was the cut-off value for significant hits.
Phylogenetic analysis
All alignments and phylogenetic analyses were based 
on the translated amino acid sequences. Putative open 
reading frames (ORFs) in the genome were predicted 
by NCBI ORF finder and BLASTn and BLASTp were 
performed to determine identity. Phylogenetic analyses 
were performed using duck viral sequences, their best 
BLASTp hits, and representative members of related viral 
species or genera. Sequence alignment was performed 
using CLUSTALW with the default settings [19]. Aligned 
sequences were trimmed to match the genomic regions 
of the viral sequences obtained in the study. A phyloge-
netic tree with 1000 bootstrap resamples of the align-
ment data sets was generated using the neighbor-joining 
method based on the p-distance model in MEGA version 
6.06 [20].
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Results and discussion
Viral metagenomic overview
In this study 7,455,180 reads with an average length of 
146 bases were generated and these sequences were de 
novo assembled into 24,945 contigs and 100,880 reads 
remained as singletons.
The average lengths of assembled contigs and single-
tons were 220 and 142 bases respectively. Both contigs 
and singletons longer than 100-bp were blasted against 
reference viral protein database, in all 11,340 (9.54  %) 
sequences had hits with viral protein sequences. The 
remaining large fraction of virome sequences were 
unclassifiable using BLASTx against the current viral 
database; it’s likely due to highly divergent nature of 
viral sequences from those of known prokaryotic and 
eukaryotic viral sequences [13, 21]. However, this frac-
tion is consistent with the previous viral metagenomic 
studies [9, 10, 21–24]. Of the 9.54  % sequences, 7.33  % 
(8718) sequences had similarity to phages and 2.21  % 
(2622) sequences had similarity to the members of 
eukaryotic virus families (E value,  <10−3), including 
Mimiviridae, Partitiviridae, Poxviridae, Phycodnaviri-
dae, Parvoviridae, Tombusviridae, Retroviridae, Dicis-
troviridae, Picornaviridae, Iflaviridae covering viruses 
from invertebrates, vertebrates, and plants (Fig.  1). Fur-
ther we did host wise classification of these eukaryotic 
viruses into insect, plant, human, avian, fish, algae and 
protozoa viruses (Fig. 2). Most of the reads were related 
to insect viruses, particularly members of the family 
Dicistroviridae.
Insect, plant and phage viruses
Sequences relating to insect viruses comprised the largest 
proportion within the eukaryotic family viruses in duck 
Fig. 1 Taxonomic distributions of the eukaryotic virus-related sequences from duck gut virome. Assembled sequences were compared to the refer-
ence sequences in the viral protein database using BLASTx (E score, 10−3). The number of sequences with identities to eukaryotic viruses is shown
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gut virome (Fig. 2). The sequences had similarity to insect 
virus families, including Dicistroviridae, Alphatetraviri-
dae, Alphanodavirus, Iridoviridae, Entomopoxvirinae, 
Baculoviridae, Densovirinae and Iflaviridae. Detection of 
these viral sequences may be due to insectivorous nature 
of ducks. The majority of insect virus-like sequences were 
novel, shared protein similarity of less than 70  % with 
annotated insect viral proteins. Viral sequences similar 
to those of cricket paralysis virus, drosophila C virus and 
pariacoto virus were very abundant in duck gut virome.
Sequences with similarities to plant and fungal viral 
families (Fig.  2), including Geminiviridae, Partitiviri-
dae, Tombusviridae, Virgaviridae and Secoviridae were 
detected in the virome, reflecting dietary habit of ducks. 
Similarly plant viruses were previously identified in gut 
virome of pigeon, duck, bat, mouse and human [10, 14, 
18, 22, 24, 25]. The duck gut virome contained a large 
diversity of phage sequences, including members from 
Microviridae, Myoviridae, Podoviridae, and Siphoviridae 
family and unclassified phages. The presence of phages 
reflected the bacterial flora harbored by ducks in the 
gastrointestinal tract. Sequences relating to the phages 
comprise a large proportion (7.33 %) within the duck gut 
virome. This result is consistent with previous studies, 
where phage comprise a large fraction of the virome of 
human, mosquito, pig, ferret, equine and bat faecal sam-
ples [13, 14, 18, 26–28]. In summary, the duck gut virome 
contained a high diversity of viruses of plant, insect and 
phages in gastrointestinal tract, which may reflect the 
diet and social habitation of ducks.
Animal viruses
Papillomaviruses (PVs) are a highly diverse family of 
small nonenveloped viruses with double stranded cir-
cular DNA genomes of 8  kb in size. They infect a wide 
variety of mammals, as well as birds and reptiles, and are 
highly species specific and rarely transmitted between 
species [29, 30]. The circular genome of PVs comprises 
of a long control region (LCR), the early genes (E1, E2, 
E4, E6 and E7) and the late genes (L1 and L2) [29, 30]. 
Among these, the LCR, the replicative proteins E1 and E2 
and the capsid proteins L1 and L2 are strictly conserved 
in all PVs [31]. The current genus classification for pap-
illomavirus types within a genus share more than 60  % 
nucleotide identity in L1 ORF [30]. Sequences related 
to members of PVs family were identified in the duck 
gut virome. BLASTx searches of the duck gut virome 
sequences showed similarity to various early and late 
protein sequences of Francolinus leucoscepus papilloma-
virus 1. Phylogenetic analysis of the L1 gene (1316 nt) 
of putative duck-origin papillomavirus was performed. 
Duck origin papillomavirus shared the same root with 
Francolinus leucoscepus papillomavirus 1 in the Dyoep-
silonpapillomavirus genus (Fig.  3). The L1 gene of duck 
origin papillomavirus sequence shared 72  % nucleotide 
sequence identities and 68 % amino acid sequence iden-
tities with the L1 gene of Francolinus leucoscepus papil-
lomavirus 1. In addition, other E1 (4241 nt) and L2 (1997 
nt) duck origin papillomavirus sequences also had highest 
amino acid identity and shared the same root with Fran-
colinus leucoscepus papillomavirus 1 (Figs. 4, 5). Previous 
studies characterized the avian PVs, including Psittacus 
erithacus PV [32], Fringilla coelebs PV [33] and Francoli-
nus leucoscepus PV type 1 [34]. Papillomaviruses are not 
Fig. 2 Host wise distribution of eukaryotic viruses catalogued in the 
duck gut virome
Page 5 of 8Fawaz et al. Gut Pathog  (2016) 8:30 
typically detected in faecal material. However, recently 
a full-length papillomavirus genome was characterized 
from faecal material of a deer mouse [15] and ferrets [18]. 
Further routine virological approaches, such as viral iso-
lation, complete genome sequencing and other standard 
approaches will be required to determine the role of duck 
origin papillomavirus in enteric tract of ducks.
Several contigs and singletons of duck gut virome 
sequences had significant E scores to the animal viruses. 
The virome dataset had similarity hits to the duck viral 
sequences of mallard duck circovirus and anatid herpes-
virus 1. Further many sequences also had similarity hits 
to the avian viral protein sequences, such as fowlpox 
virus, canarypox virus, pigeonpox virus, Psittacine ade-
novirus 3, chicken picornavirus 2 and raven circovirus. 
BLASTx analysis of duck virome dataset showed that, 
three singleton reads had similarity with capsid protein 
of adeno-associated viruses, one contig sequence related 
Fig. 3 Phylogenetic analysis of translated partial amino acid sequences of L1 gene (1316 nt) of duck papillomavirus with other representative papil-
lomavirus species. The duck-specific sequence identified in duck gut is indicated with a black diamond
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to capsid protein of canine minute virus and one contig 
related with capsid protein of LuIII virus of Parvoviridae 
family. Similarly duck virome sequences had similarity 
hits with polyprotein of Picornaviridae family members 
such as mosavirus A2, cosavirus and equine rhinitis A 
virus. Further, numerous duck gut virome sequences had 
similarities to the viruses of the families, namely Circo-
viridae, Retroviridae and Herpesviridae. However, these 
sequences are small and cover short portions of the viral 
genome, so it is not possible to fully characterize these 
virus related sequences.
Conclusions
Our study provides a preliminary view of viral diver-
sity present in the virome of the ducks. Due to the short 
reads, the low quantity of viral load in the sample, or a 
lack of known reference sequences, we obtained only 
partial genome sequences in the duck gut virome dataset. 
Similar results are obtained for bat virome [13, 22, 26]. 
However, full genome sequences are required to validate 
these findings. Further, we couldn’t detect any influenza 
virus related sequences in our duck gut virome dataset. 
Future studies with deeper sequencing methods and 
Fig. 4 Phylogenetic analysis of translated partial amino acid sequences of E1 gene (4241 nt) of duck papillomavirus with other representative papil-
lomavirus species. The duck-specific sequence identified in duck gut is indicated with a black diamond
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to improve the understanding of the diversity of viruses 
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